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Description

[0001] The present invention relates to an apparatus and method for bulge testing an article.

[0002] Conventional apparatus for bulge testing an article comprises a pressure vessel arranged to define a chamber
and in use the article being arranged over an aperture in the pressure vessel to seal the pressure vessel. A source of
pressurised fluid is arranged to supply fluid to the chamber to cause the article to deform or bulge. Means to measure
the material properties of the article are provided by measuring the pressure of the fluid supplied to the chamber and
the deflection of the article.

[0003] US4735092 provides a micrometer to measure the vertical displacement of the article when the article has
been deformed and the tensile strength of the article is calculated.

[0004] WOO02/47372A provides a Michelson interferometer that generates an interference pattern having fringes and
nodes that move when the article has been deformed and the material properties of the article are calculated.

[0005] FR2845771 discloses a device for measuring the porosity and/or the rupture strength/tensile strength of a textile
material for airbags for cars. The apparatus comprises a casing arranged to define a cavity, the casing has a first aperture
and a second aperture and a fabric test piece is placed over the first aperture to seal the cavity. A piston, a screw and
a motor are arranged to pressurise the cavity. A sensor is arranged to measure the pressure in the cavity, a second
sensor is arranged to measure the volume of the cavity and a third sensor is arranged to determine the deflection of the
fabric test piece. A processor is arranged to determine the porosity of the fabric test piece by maintaining a constant
pressure in the cavity, by moving the piston, as the volume of the cavity decreases and using the measure of the reduction
in volume of the cavity to determine the porosity. A processor is arranged to determine the rupture strength of the fabric
test piece by increasing the pressure in the cavity by moving the piston to reduce the volume of the cavity until the fabric
test piece ruptures and using the measure of pressure level at which the fabric test piece ruptures.

[0006] Accordingly the present invention seeks to provide a novel apparatus and a novel method for bulge testing an
article.

[0007] Accordingly the present invention provides an apparatus for bulge testing an article comprising a pressure
vessel arranged to define a chamber, the pressure vessel having a first aperture and a second aperture, means to
pressurise the chamber, means to measure the deflection of the article, means to measure the pressure in the pressure
vessel and means to determine material properties of the article using the measurements of pressure in the pressure
vessel and the measurements of deflection of the article, a piston being arranged to move within the pressure vessel,
the chamber being filled with a fluid, the means to pressurise the pressure vessel comprising a gun arranged to fire a
projectile to strike the piston to produce a high pressure in the fluid in the chamber in the pressure vessel to deform the
article, whereby in use the article being arranged over the first aperture in the pressure vessel to seal the pressure
vessel, the means to measure the deflection of the article comprises at least one high-speed high-resolution camera,
the means to measure the deflection of the article comprises two mirrors arranged at different angles relative to the
surface of the article to produce a stereoscopic view of the article, each mirror being arranged to focus on a portion of
the image plane of the camera.

[0008] Preferably the apparatus comprises a clamping member having an aperture, the clamping member being
arranged in use such that the aperture in the clamping member is aligned with the first aperture in the first end of the
pressure vessel to clamp the article between the first end of the pressure vessel and the clamping member such that
the article extends across the first aperture in the first end of the pressure vessel to seal the first end of the pressure
vessel, the first end of the pressure vessel having a draw bead to deform the article and to prevent the article from being
drawn into the pressure vessel.

[0009] Preferably the piston being arranged to seal the second end of the pressure vessel.

[0010] Preferably the gun including a barrel and a projectile arranged to move within the barrel, the end of the barrel
being secured to the second end of the pressure vessel and the second aperture in the second end of the pressure
vessel being aligned with the barrel such that in use the projectile may strike the piston to produce a high pressure in
the fluid in the pressure vessel to deform the article.

[0011] Preferably the pressure vessel has a minimum cross-sectional area at a position between the first end and the
second end.

[0012] Preferably the gun is a gas gun. The gun may be an electromagnetic gun or a percussive gun.

[0013] Preferably the pressure vessel contains a liquid, more preferably the pressure vessel contains an oil.

[0014] Preferably the means to measure the pressure comprises a high-speed high pressure gauge.

[0015] Preferably there are means to measure the velocity of the projectile before impact with the piston.

[0016] Preferably the means to measure the velocity comprises a plurality of light beams spaced apart along the length
of the barrel, each light beam extends transversely across the barrel.

[0017] Preferably a first mirror is arranged at a predetermined angle and the angle of a second mirror is adjustable.
[0018] Preferably the first mirror is arranged at an angle of 45°.

[0019] Preferably the means to measure the material properties of the article comprises a processor to analyse the
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stereoscopic view of the article.

[0020] Preferably the processor has means to determine the angle of the second mirror relative to the undeformed
article.

[0021] Preferably the processor has means to determine the altitude of a polar point on the deformed article relative
to the undeformed article from the determined angle of the second mirror.

[0022] Preferably the processor has means to determine the altitude of other points on the deformed article relative
to the undeformed article from the determined angle for the second mirror.

[0023] Preferably the processor determines the chord length, the dome segment height and the radius of the deformed
article between a pair of dots arranged symmetrically about the polar point of the deformed article.

[0024] Preferably the processor determined the chord length, the dome segment height and the radius of the deformed
article between a plurality of pairs of dots, each pair of dots is arranged symmetrically about the polar point of the
deformed article.

[0025] Preferably the processor determines the chord length, the dome segment height and the radius of the deformed
article at a plurality of times during the deformation of the article.

[0026] Preferably the means to determine material properties of the article determines the thickness of the deformed
article from the chord length and dome height of the deformed article.

[0027] Preferably the means to determine material properties of the article determines the stress in the deformed
article from the pressure applied and the original thickness of the article and the radius of the deformed article.

[0028] The presentinvention also provides a method of bulge testing an article comprising providing a pressure vessel
arranged to define a chamber, the pressure vessel having a first aperture and a second aperture, a piston being arranged
to move within the pressure vessel, the chamber being filled with a fluid, arranging the article over the first aperture in
the pressure vessel to seal the pressure vessel, firing a projectile to strike the piston to produce a high pressure in the
fluid in the chamber in the pressure vessel to deform the article, measuring the deflection of the article, measuring the
pressure in the pressure vessel and determining material properties of the article using the measurements of pressure
in the pressure vessel.and the measurements of deflection of the article, measuring the deflection of the article using at
least one high-speed high-resolution camera, measuring the deflection of the article using two mirrors arranged at
different angles relative to the surface of the article to produce a stereoscopic view of the article, each mirror being
arranged to focus on a portion of the image plane of the camera.

[0029] The method may comprise marking a grid of dots on the article, one of the dots being a polar point, determining
the location of the polar point in the grid of dots in two images of the article, determining the location of the dots in the
grid of dots using the location of the polar point in the two images of the article and determining the deformation of the
article using the change in the coordinates of the dots in the grid.

[0030] The method may comprise determining a chord length, a dome height and a radius of the deformed article
between dots arranged symmetrically about the polar point of the deformed article.

[0031] The method may comprise determining the thickness of the deformed article from the chord length and dome
height of the deformed article.

[0032] The method may comprise determining the stress in the deformed article from the measurement of the pressure
and the original thickness of the article and the radius of the deformed article.

[0033] The present invention will be more fully described by way of example with reference to the accompanying
drawings in which:-

Figure 1 shows a schematic longitudinal cross-sectional view through an apparatus for bulge testing an article
according to the present invention.

Figure 2 is a schematic enlarged longitudinal cross-sectional view of part of the apparatus shown in figure 1.
Figure 3 is a view in the direction of arrow A in figure 2.

Figure 4 is an alternative schematic enlarged longitudinal cross-sectional view of part of the apparatus shown in
figure 1.

Figure 5 is a view in the direction of arrow B in figure 4.

Figure 6 is a view of an original image.

Figure 7 is a view of an image with principal meridians marked.

Figure 8 is a chart showing calculation of deflection of polar point of deformed article.

Figure 9 is a chart showing calculation of deflection of other points of deformed article.

Figure 10 is a chart showing calculation of radius of deformed article.

[0034] An apparatus 10 for bulge testing an article 12 according to the present invention is shown in figures 1 to 5 and
comprises a fluid filled pressure vessel 14, a gun 16, means 19 to measure deflection of the article 12, means 39 to
measure pressure in the pressure vessel 14 and means to determine the material properties of the article 12. The
pressure vessel 14 has a first end 20, a second end 22, a piston 24 arranged to move within the pressure vessel 14 and
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a clamping member 26. The first end 20 of the pressure vessel 14 has a first aperture 28 and the second end 22 of the
pressure vessel 14 has a second aperture 30. The clamping member 26 has an aperture 32 and the clamping member
26 is arranged in use such that the aperture 32 in the clamping member 26 is aligned with the first aperture 28 in the
first end 20 of the pressure vessel 14 to clamp the article 12 between the first end 20 of the pressure vessel 14 and the
clamping member 26 such that the article 12 extends across the first aperture 28 in the first end 20 of the pressure
vessel 14 to seal the first end 20 of the pressure vessel 14. The piston 24 is arranged to seal the second end 22 of the
pressure vessel 14. The pressure vessel 14 has a minimum cross-sectional area 38 at a position between the first end
20 and the second end 22. The pressure vessel 14 preferably defines a chamber 15, which is circular in cross-section,
but the chamber 15 may be triangular, rectangular, square, elliptical or other suitable shapes may be used. The first
aperture 28 and second aperture 30 in the pressure vessel 14 have the same cross-sectional shape as the chamber 15
in the pressure vessel 14.

[0035] The gun 16 includes a barrel 34 and a projectile 36 is arranged to move within the barrel 34. The end of the
barrel 34 is secured to the second end 22 of the pressure vessel 14 and the second aperture 30 in the second end 22
of the pressure vessel 14 is aligned with the barrel 34. The gun 16 is preferably a gas gun, but the gun 16 may be an
electromagnetic gun or a percussive gun or other suitable gun capable of firing the projectile 36 at velocities of up to 40ms-1.
[0036] The chamber 15 of the pressure vessel 14 contains a liquid, for example the pressure vessel 14 contains an oil.
[0037] The pressure vessel 14 is provided with means 39 to measure the pressure in the pressure vessel 14. The
means 39 to measure the pressure comprises a high-speed high pressure gauge. The means 39 to measure the pressure
is arranged to supply signals to a processor 54.

[0038] The gun 16 is provided with means 40 to measure the velocity of the projectile 36 before the projectile 36
impacts with the piston 24. Preferably the means 40 to measure the velocity of the projectile 36 comprises a plurality of
light beams 42 spaced apart along the length of the barrel 34, each light beam 42 extends transversely across the barrel
34. The light beams 42 are produced by light sources 44 and the light beams 42 are detected by light detectors 46. The
light detectors 46 supply signals to the processor 54. The breaking of a first light beam 42 starts a clock and the breaking
of the second light beam 42 stops the clock and the velocity of the projectile 36 is determined from the time taken to
travel between the two light beams 42 and the known distance between the light beams 42, which is calculated in the
processor 54.

[0039] The means 19 to measure the deflection of the article 12 comprises at least one high-speed high-resolution
camera 48, two mirrors 50 and 52 and the processor 54. The high-speed high-resolution camera 48 may be used at
rates ator between 11000 and 22000 frames per second. The high-speed high-resolution camera 48 uses high-resolution
photographic films, which are digitised before image analysis is performed. Each recorded image contains information
about the deformation, displacement, of points, dots, on the article 12 as a function of time. The two mirrors 50 and 52
are arranged at different angles to produce a stereoscopic view of the article 12, each mirror 50 and 52 respectively is
arranged to focus on a portion, half, of the image plane of the high-speed high-resolution camera 48. A first mirror 50 is
arranged at a predetermined angle and the angle of a second mirror 52 is adjustable. The first mirror 50 is arranged at
an angle of 45° to the surface of the undeformed article 12.

[0040] The processor 54 is arranged to analyse the stereoscopic view of the article 12 produced by the high-speed
high-resolution camera 48 to determine the deflection of the article 12.

[0041] The article 12 for dynamic bulge testing is initially marked with a regular grid, for example a rectangular grid,
of dots 60 in order to enable the calculation of surface displacement of the article 12 during the deformation process
from the photographic images produced by the high speed high resolution camera 48, see figure 5.

[0042] The article 12 is placed between the first end 20 of the pressure vessel 14 and the clamping member 26 and
the clamping of the article 12 deforms the article 12 near draw beads 17 but leaves the article 12 unaffected within the
first aperture 28. The draw beads 17 are positioned as close as possible to the inner diameter of the pressure vessel
14 to 20 prevent material being drawn into the pressure vessel 14 during loading. Excess oil is forced out of the pressure
vessel 14 during deformation of the article 12 along the draw bead 17 allowing the article 12 to seal the pressure vessel
14 without trapping any gas, air.

[0043] 25 In use the gun 16 is fired and the projectile 36 travels along the barrel 34 and strikes the piston 24. The
piston 24 moves within the pressure vessel 14 and compresses the fluid, oil, in the chamber 15 to produce a high
pressure in the fluid in the pressure vessel 14 to 30 rapidly deform the article 12 to the position of the deformed article
12A, as shown in figure 4.

[0044] Anydata measured during the dynamic bulge testing is recorded in the processor 54 using a computer controlled
multi-channel data acquisition system capable of recording 35 data rates of up to 20MSs-1 (Mega-Samples per second).
The data acquisition is performed at 500kSs-! (kilo-Samples per second). During the dynamic bulge testing the total
pressure applied in the pressure vessel 14 as a function of time was measured by the means 39 to measure the pressure
in the pressure vessel 14 and the surface displacements of the article 12 as a function of time are measured by the high
speed high resolution camera 48 using the grid of dots 60 on the article 12. The data obtained is in the form of analogue
electric signals from the means 39 to measure pressure and analogue images from the high-speed high-resolution
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camera 48. These signals may be digitised before going to the processor 54 or by the processor 54.

[0045] The pressure signals recorded during the dynamic bulge testing are often masked by high frequency noise,
due to electronic noise and pressure waves in the complex geometry of the pressure vessel 14 which interfere. In order
to eliminate the undesired noise the pressure signal is filtered using a FFT (Fast Fourier Transform) in which the pressure
signals are converted to their frequency spectrum using FFT after which the high frequencies are subtracted and the
pressure signals are converted back using Inverse FFT.

[0046] The images of the article 12 captured by the high-speed high-resolution camera 48 during deformation of the
article 12 are analysed as follows. The analysis starts by considering an "original image" of the undeformed article 12,
see figure 6. The first step of the analysis is to determine the "local background" of the "original image" by median filtering
on an N x N mask (for example N = 25, but may vary between 15 and 25 depending on image quality). The "local
background" is subtracted from the "original image" to leave the desired features, the dots 60. The image is also inverted
and the range is adjusted to make it suitable for further analysis.

[0047] In the next step the image is converted to black and white using a simple threshold procedure, the threshold
value is optimally adjusted to give the best results. Then "speckle noise" is removed with a 2 x 2 median filter.

[0048] Then each feature, dot, 60 is labelled. In this example the dots 60 are coloured in different shades for clarity.
After the dots 60 are labelled it is possible to calculate the centroids and surface area, count the number of pixels, of
each dot 60.

[0049] Inthe nextstep thelocation, the coordinates, of the polar point 62 in the two images of the article 12 is determined,
it is assumed that the polar point 62 is represented by the largest coloured area in each of the two images. The location
of the polar point 62 in the two images is used to locate the coordinates of the dots 60 in the grid. Some error checking
may be used that each dot 60 is not too far from its expected location and that there are no repeated dots 60. The dots
60 detected from the first mirror 50 arranged at 45° are centre point superimposed on the original image and the dots
60 detected from the second mirror 52 are superimposed on the original image. The obtained results are superimposed
over the original images during image analysis to enable simple visual control. The image analysis procedure completes
with an output of the dot 60 coordinates into suitable files, one file for the entire dot field and one for the principal meridians
only.

[0050] The change in coordinates of the marked dots 60 on the surface of the article 12 during dynamic bulge testing
provides the necessary information about the deformation of the article 12. This holds the key to determining the strains
and combined with the pressure signals provided by the means to measure pressure the key to determining the stress
at the polar point 62 of the article 12. The polar point 62 is the centre point of the article 12, e.g. is in the centre of the
first aperture 28.

[0051] Inone particular example only the dots 64 marked along primary perpendicular meridians 66 and 68 intersecting
the polar point 62 are used, and only 10 dots in each primary meridian 66 and 68 excluding the polar point 62, see
figures 5 and 7. It may be possible to use other selections of dots 60.

[0052] Initially the angle ¢ of the second mirror 52 relative to the original surface of the article 12 is determined. The
angle of the second mirror 52 is obtained by examining the distance "a" between two points on the surface, plane, of
the article 12 and the distance "a™ between the corresponding two points on the image plane.

[0053] Thus sin(180-2¢) = a’/a

¢ = 1/2 arcsin(a’/a) = 90° - 1/2arcsin (a’/a)

[0054] The altitude, or height, or z coordinate of the polar point 62 is determined. The height of the polar point 62 is
determined using the second mirror 52. At each stage during bulging the position of the polar point 62 is compared to
its initial position when the article 12 is undeformed and is flat. The height of the bulge z, is calculated from trigonometric
descriptions of triangles 1 and 2 in figure 8.

Sin(180°-2¢) a’/d for triangle 1

tan(180°-2¢)

zp/d for triangle 2

thus zp = - a’/cos(2¢)
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[0055] The altitude, or height, or z coordinate of the dots 64 along the primary meridians 66 and 68 are determined.
This uses combining information from mirrors 50 and 52. At each stage during bulging the position of the dot 64 under
consideration is divided into two segments. The first segment Z, is calculated using the distance between the corre-
sponding points recorded by the second mirror 52 (a’). The second segment z, is obtained using the distance between
the corresponding points recorded using the first mirror 50 (¢’). The calculation of the altitude, or height, of each dot 64
relies upon the geometry of the triangle 1

sin(180°-2¢) = a’/d

and triangle 2

sin(180°-2¢) = z,/d
and triangle 3
tan(180°-2¢) = zz/c’
thus
z = z1+z2, = — a’/cos(2¢) - c’ tan(2¢)

[0056] Traditional analysis of bulge test results assume that the bulge, deformation, profile is circular. The bulge test
measures the change in the dome segment height h and the chord length D, the projection of the arc length onto a plane
perpendicular to the loading direction, see figure 10, thus enabling the radius R of the meridians curvature at the pole
point to be obtained from the following equation

R = (D/2)? + h?
" 2h

[0057] This procedure was followed to calculate the meridians arc lengths the relative height of the dome segments
and the principal radii of curvature heights using pairs of dots 64, symmetrically arranged about the polar point 62, in
either or both of the primary meridians 66 and 68 and the bulge dome was assumed to be orthosymmetric.

[0058] The mean thickness t of the dome segment may be calculated using a commonly used formula

t = (Do?/ (D?*+4h?)t,

[0059] Other more accurate formula may be used.

[0060] Stress and strain are calculated from the radius of curvature and the thickness at the polar point 62 of the
deformed article 12A. In traditional bulge testing analysis the true in plane strain ¢ at the polar point 62 has been estimated
using the change in chord length

€ = 1n (D/Dyg)

[0061] Aformula traditionally employed in bulge testing analysis for a thin spherical shell expanded uniformly by internal
pressure p, the membrane stress c is

6 = pR/2t

[0062] Other more accurate formula may be used.
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[0063] The processor 54 determines the chord length D, dome segment height h and radius R of the deformed article
12A between two dots 64 arranged symmetrically about the polar point 62 of the deformed article. The processor 54
determines the thickness t of the deformed article 12A from the chord length D and dome segment height h of the
deformed article 12A. The processor 54 determines the stress in the deformed article 12A from the pressure p applied
and the original thickness of the article 12 and the radius R of the deformed article 12A.

[0064] Alternatively the means to measure the material properties of the article comprises two high-speed high reso-
lution cameras arranged to produce a stereoscopic view of the article.

[0065] Although the camera has been described as a photographic camera it may be possible to use a digital camera
in which case the signals supplied by the camera to the processor are digital and not analogue.

[0066] The present invention is able to provide multiracial tensile bulge testing of articles dynamically and enables
better material characterisation during development and reduce number of large-scale tests. The present invention is
applicable to the testing of materials for use in blade containment casings/systems of gas turbine engines and in particular
for fan containment casings of turbofan gas turbine engines.

[0067] The article may be an actual article or a specimen.

Claims

1. An apparatus (10) for bulge testing an article (12) comprising a pressure vessel (14) arranged to define a chamber
(15), the pressure vessel (14) having a first aperture (28) and a second aperture (30), a piston (24) being arranged
to move within the pressure vessel (14), the chamber (15) being filled with a fluid, in use the article (12) being
arranged over the first aperture (28) in the pressure vessel (14) to seal the pressure vessel (14), means to pressurise
the chamber (15), means (19) to measure the deflection of the article (12), means (39) to measure the pressure in
the pressure vessel (14), means to determine material properties of the article (12), the means (18) to determine
material properties of the article (12) using the measurements of pressure in the pressure vessel (14) and the
measurements of deflection of the article (12), characterised in that the means to pressurise the pressure vessel
(14) is comprising a gun (16) arranged to fire a projectile (36) to strike the piston (24) to produce a high pressure in
the fluid in the chamber (15) in the pressure vessel (14) to deform the article (12), the means (19) to measure the
deflection of the article (12) comprises at least one high-speed high-resolution camera (48), the means (19) to
measure the deflection of the article (12) comprises two mirrors (50,52) arranged at different angles relative to the
surface of the article (12) to produce a stereoscopic view of the article (12), each mirror (50,52) being arranged to
focus on a portion of the image plane of the high-speed high-resolution camera (48).

2. An apparatus as claimed in claim 1 comprising a clamping member (26) having an aperture (32), the clamping
member (26) being arranged in use such that the aperture (32) in the clamping member (26) is aligned with the first
aperture (28) in the first end (20) of the pressure vessel (14) to clamp the article (12) between the first end (20) of
the pressure vessel (14) and the clamping member (26) such that the article (12) extends across the first aperture
(28) in the first end (20) of the pressure vessel (14) to seal the first end (20) of the pressure vessel (14), the first
end (20) of the pressure vessel (14) having a draw bead (17) to deform the article (12) and to prevent the article
(12) from being drawn into the pressure vessel (14) .

3. An apparatus as claimed in claim 1 or claim 2 wherein the piston (24) being arranged to seal the second aperture
(30) of the pressure vessel (14).

4. An apparatus as claimed in claim 1, claim 2 or claim 3 wherein the gun (16) including a barrel (34) and the projectile
(36) being arranged to move within the barrel (34), the end of the barrel (34) being secured to the second end (22)
of the pressure vessel (14) and the second aperture (30) in the second end (22) of the pressure vessel (14) being
aligned with the barrel (34) such that in use the projectile (36) may strike the piston (24) to produce a high pressure
in the fluid in the pressure vessel (14) to deform the article (12).

5. An apparatus as claimed in any of claims 1 to 4 wherein the pressure vessel (14) has a minimum cross-sectional
area (38) at a position between the first end (20) and the second end (22).

6. An apparatus as claimed in any of claims 1 to 5 wherein the gun (16) is a gas gun.
7. An apparatus as claimed in any of claims 1 to 6 wherein the pressure vessel (14) contains a liquid.

8. An apparatus as claimed in claim 7 wherein the pressure vessel (14) contains an oil.
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An apparatus as claimed in any of claims 1 to 8 wherein the means (39) to measure the pressure comprises a high-
speed high pressure gauge.

An apparatus as claimed in any of claims 1 to 9 wherein there are means (40) to measure the velocity of the projectile
(36) before impact with the piston (24).

An apparatus as claimed in claim 10 wherein the means (40) to measure the velocity comprises a plurality of light
beams (42) spaced apart along the length of the barrel (34), each light beam (42) extends transversely across the
barrel (34).

An apparatus as claimed in any of claims 1 to 11 wherein a first mirror (50) is arranged at a predetermined angle
and the angle of a second mirror (52) is adjustable.

An apparatus as claimed in claim 12 wherein the first mirror (50) is arranged at an angle of 45°.

An apparatus as claimed in any of claims 1 to 13 wherein the means (18) to measure the material properties of the
article (12) comprises a processor (54) to analyse the stereoscopic view of the article (12).

An apparatus as claimed in claim 14 wherein the processor (54) has means to determine the angle of the second
mirror (52) relative to the undeformed article (12).

An apparatus as claimed in claim 15 wherein the processor (54) has means to determine the altitude of a polar point
(62) on the deformed article (12) relative to the undeformed article (12) from the determined angle of the second
mirror (52).

An apparatus as claimed in claim 16 wherein the processor (54) has means to determine the altitude of other dots
(64) on the deformed article (12A) relative to the undeformed article (12) from the determined angle for the second
mirror (52).

A method of bulge testing an article (12) comprising providing a pressure vessel (14) arranged to define a chamber
(15), the pressure vessel (14) having a first aperture (28) and a second aperture (30), the chamber (15) being filled
with a fluid, arranging the article (12) over the first aperture (28) in the pressure vessel (14) to seal the pressure
vessel (14), a piston (24) being arranged to move within the pressure vessel (14), measuring the deflection of the
article (12), measuring the pressure in the pressure vessel (14), determining material properties of the article (12)
using the measurements of pressure in the pressure vessel (14) and the measurements of deflection of the article
(12), characterised by firing a projectile (36) to strike the piston (24) to produce a high pressure in the fluid in the
chamber (15) in the pressure vessel (14) to deform the article (12), measuring the deflection of the article (12) using
at least one high-speed high-resolution camera (48), measuring the deflection of the article (12) using two mirrors
(50, 52) arranged at different angles relative to the surface of the article (12) to produce a stereoscopic view of the
article (12), each mirror (50, 52) being arranged to focus on a portion of the image plane of the high-speed high-
resolution camera (48).

A method as claimed in claim 18 comprising marking a grid of dots (60) on the article (12), one of the dots (60) being
a polar point (62), determining the location of the polar point (62) in the grid of dots (60) in two images of the article
(12), determining the location of the dots (60) in the grid of dots (60) using the location of the polar point (62) in the
two images of the article (12) and determining the deformation of the article (12) using the change in the coordinates
of the dots (60) in the grid.

A method as claimed in claim 19 comprising determining a chord length (D), a dome segment height (h) and a radius
(R) of the deformed article (12A) between dots (60) arranged symmetrically about the polar point (62) of the deformed
article (12A).

A method as claimed in claim 20 comprising determining the thickness of the deformed article (12A) from the chord
length (D) and dome segment height (h) of the deformed article (12A).

A method as claimed in claim 21 comprising determining the stress in the deformed article (12A) from the meas-
urement of the pressure and the original thickness of the article (12) and the radius (R) of the deformed article (12A).
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Vorrichtung (10) zum Bulge-Testen eines Artikels (12), umfassend einen Druckbehélter (14), der so angeordnet ist,
dass er eine Kammer (15) definiert, wobei der Druckbehalter (14) eine erste Offnung (28) und eine zweite Offnung
(30) aufweist, mit einem Kolben (24), der so angeordnet ist, dass er sich in dem Druckbehalter (14) bewegt, wobei
die Kammer (15) mit einem Fluid gefiillt ist, wobei der Artikel (12) im Einsatz tGber der ersten Offnung (28) in dem
Druckbehalter (14) angeordnet ist, um den Druckbehéalter (14) zu verschlieRen, mit Mitteln (19) zum Messen der
Deflexion des Artikels (12), mit Mitteln (39) zum Messen des Drucks in dem Druckbehalter (14), mit Mitteln zum
Bestimmen der Materialeigenschaften des Artikels (12), wobei die Mittel (18) zum Bestimmen der Materialeigen-
schaften des Artikels (12) die Messungen des Drucks in dem Druckbehalter (14) und die Messungen der Deflexion
des Artikels (12) verwenden, dadurch gekennzeichnet, dass die Mittel zum unter Druck setzen des Druckbehalters
(14) eine Kanone (16) umfassen, die so angeordnet ist, dass sie ein Projektil (36) zum Aufprall auf dem Kolben (24)
abfeuert, um einen hohen Druck in dem Fluid in der Kammer (15) in dem Druckbehélter (14) zu erzeugen, um den
Artikel (12) zu verformen, wobei die Mittel (19) zum Messen der Deflexion des Artikels (12) wenigstens eine hoch
aufldsende Hochgeschwindigkeitskamera (48) umfassen, wobei die Mittel (19) zum Messen der Deflexion des
Artikels (12) zwei Spiegel (50, 52) umfassen, die in unterschiedlichen Winkeln im Verhaltnis zu der Oberflache des
Artikels (12) angeordnet sind, um eine stereoskopische Ansicht des Artikels (12) zu erzeugen, wobei jeder Spiegel
(50, 52) so angeordnet ist, dass er auf einen Teil der Bildebene der hoch auflésenden Hochgeschwindigkeitskamera
(48) fokussiert.

Vorrichtung nach Anspruch 1, umfassend ein Klemmelement (26) mit einer Offnung (32), wobei das Klemmelement
(26) eine Offnung (32) aufweist, wobei das Klemmelement (26) im Einsatz so angeordnet ist, dass die Offnung (32)
in dem Klemmelement (26) mit der ersten Offnung (28) in dem ersten Ende (20) des Druckbehélters (14) ausgerichtet
ist, um den Artikel (12) zwischen dem ersten Ende (20) des Druckbehélters (14) und dem Klemmelement (26) zu
klemmen, so dass sich der Artikel (12) (iber die erste Offnung (28) in dem ersten Ende (20) des Druckbehalters
(14) erstreckt, um das erste Ende (20) des Druckbehélters (14) zu verschlieRen, wobei das erste Ende (20) des
Druckbehalters (14) eine Ziehleiste (17) zum Verformen des Artikels (12) aufweist und um es zu verhindern, dass
der Artikel (12) in den Druckbehalter (14) gezogen wird.

Vorrichtung nach Anspruch 1 oder Anspruch 2, wobei der Kolben (24) so angeordnet ist, das er die zweite Offnung
(30) des Druckbehalters (14) verschlief3t.

Vorrichtung nach Anspruch 1, 2 oder 3, wobei die Kanone (16) eine Trommel (34) aufweist, und wobei das Projektil
(36) so angeordnet ist, dass es sich in der Trommel (34) bewegt, wobei das Ende der Trommel (34) an dem zweiten
Ende (22) des Druckbehdlters (14) gesichert ist, und wobei die zweite Offnung (30) in dem zweiten Ende (22) des
Druckbehalters (14) mit der Trommel (34) ausgerichtet ist, so dass im Einsatz das Projektil (36) auf den Kolben (24)
auftreffen kann, um einen hohen Druck in dem Fluid in dem Druckbehalter (14) zu erzeugen, um den Artikel (12)
zu verformen.

Vorrichtung nach einem der Anspriiche 1 bis 4, wobei der Druckbehélter (14) eine Mindestquerschnittsflache (38)
an einer Position zwischen dem ersten Ende (20) und dem zweiten Ende (22) aufweist.

Vorrichtung nach einem der Anspriiche 1 bis 5, wobei die Kanone (16) eine Gaskanone ist.
Vorrichtung nach einem der Anspriiche 1 bis 6, wobei der Druckbehalter (14) eine Flissigkeit enthalt.
Vorrichtung nach Anspruch 7, wobei der Druckbehélter (14) ein Ol enthalt.

Vorrichtung nach einem der Anspriiche 1 bis 8, wobei die Mittel (39) zum Messen des Drucks ein Hochgeschwin-
digkeits-Hochdruck-Messgerat umfassen.

Vorrichtung nach einem der Anspriiche 1 bis 9, wobei Mittel (40) zum Messen der Geschwindigkeit des Projektils
(36) vor dem Aufprall auf dem Kolben (24) vorgesehen sind.

Vorrichtung nach Anspruch 10, wobei die Mittel (40) zum Messen der Geschwindigkeit eine Mehrzahl von Licht-
strahlen (42) umfassen, die entlang der Ladnge der Trommel (34) mit Zwischenabstédnden angeordnet sind, wobei
sich jeder Lichtstrahl (42) transversal Gber die Trommel (34) erstreckt.



10

15

20

25

30

35

40

45

50

55

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

EP 1607 731 B1

Vorrichtung nach einem der Anspriiche 1 bis 11, wobei ein erster Spiegel (50) in einem vorbestimmten Winkel
angeordnet ist, und wobei der Winkel eines zweiten Spiegels (52) anpassbar ist.

Vorrichtung nach Anspruch 12, wobei der erste Spiegel (50) in einem Winkel von 45° angeordnet ist.

Vorrichtung nach einem der Anspriiche 1 bis 13, wobei die Mittel (18) zum Messen der Materialeigenschaften des
Artikels (12) einen Prozessor (54) zum Analysieren der stereoskopischen Ansicht des Artikels (12) umfassen.

Vorrichtung nach Anspruch 14, wobei der Prozessor (54) Mittel zum Bestimmen des Winkels des zweiten Spiegels
(52) im Verhaltnis zu dem unverformten Artikel (12) aufweist.

Vorrichtung nach Anspruch 15, wobei der Prozessor (54) Mittel zum Bestimmen der Héhe eines Polarpunktes (62)
an dem unverformten Artikel (12) im Verhaltnis zu dem unverformten Artikel (12) von dem bestimmten Winkel des
zweiten Spiegels (52) aufweist.

Vorrichtung nach Anspruch 16, wobei der Prozessor (54) Mittel zum Bestimmen der H6he anderer Punkte (64) an
dem verformten Artikel (12A) im Verhaltnis zu dem unverformten Artikel (12) von dem bestimmten Winkel fiir den
zweiten Spiegel (52) aufweist.

Verfahren zum Bulge-Testen eines Artikels (12), umfassend das Bereitstellen eines Druckbehélters (14), der so
angeordnet ist, dass er eine Kammer (15) definiert, wobei der Druckbehalter (14) eine erste Offnung (28) und eine
zweite Offnung (30) aufweist, wobei die Kammer (15) mit einem Fluid gefiillt ist, das Anordnen des Artikels (12)
Uber der ersten Offnung (28) in dem Druckbehalter (14), um den Druckbehélter (14) zu verschlieBen, wobei ein
Kolben (24) so angeordnet ist, dass er sich in dem Druckbehélter (14) bewegt, das Messen der Deflexion des Artikels
(12), das Messen des Drucks in dem Druckbehalter (14), das Bestimmen der Materialeigenschaften des Artikels
(12) unter Verwendung der Messungen des Drucks in dem Druckbehalter (14) und der Messungen der Deflexion
des Artikels (12), gekennzeichnet durch das Abfeuern eines Projektils, so dass dieses auf den Kolben (24) auftrifft,
um einen hohen Druck in dem Fluid in der Kammer (15) zu erzeugen, um den Artikel (12) zu verformen, das Messen
der Deflexion des Artikels (12) unter Verwendung wenigstens einer hoch auflésende Hochgeschwindigkeitskamera
(48), das Messen der Deflexion des Artikels (12) unter Verwendung von zwei Spiegeln (50, 52), die in unterschied-
lichen Winkeln im Verhaltnis zu der Oberflache des Artikels (12) angeordnet sind, um eine stereoskopische Ansicht
des Artikels (12) zu erzeugen, wobei jeder Spiegel (50, 52) so angeordnet ist, dass er auf einen Teil der Bildebene
der hoch auflésenden Hochgeschwindigkeitskamera (48) fokussiert.

Verfahren nach Anspruch 18, umfassend das Markieren eines Punktgitters (60) auf dem Artikel (12), wobei einer
der Punkte (60) ein Polarpunkt (62) ist, das Bestimmen der Position des Polarpunkts (62) in dem Punktgitter (60)
in zwei Bildern des Artikels (12), das Bestimmen der Position der Punkte (60) in dem Punktgitter (60) unter Ver-
wendung der Position des Polarpunkts (62) in dem beiden Bildern des Artikels (12), und Bestimmen der Verformung
des Artikels (12) unter Verwendung der Veranderung der Koordinaten der Punkte (60) in dem Gitter.

Verfahren nach Anspruch 19, umfassend das Bestimmen einer Sehnenlange (D), einer Kuppelsegmenthdhe (h)
und eines Radius (R) des verformten Artikels (12A) zwischen den Punkten (60), die symmetrisch um den Polarpunkt
(62) des verformten Artikels (12A) angeordnet sind.

Verfahren nach Anspruch 20, umfassend das Bestimmen der Dicke des verformten Artikels (12A) aus der Sehnen-
lange (D) und der Kuppelsegmenthdhe (h) des verformten Artikels (12A).

Verfahren nach Anspruch 21, umfassend das Bestimmen der Belastung in dem verformten Artikel (12A) aus der
Messung des Drucks und der urspriinglichen Dicke des Artikels (12) und dem Radius (R) des verformten Artikels
(12A).

Revendications

Appareil (10) de test par bombement d’un article (12), comprenant un récipient sous pression (14) disposé pour
définir une chambre (15), le récipient sous pression (14) ayant une premiére ouverture (28) et une seconde ouverture
(30), un piston (24) étant disposé pour se déplacer a l'intérieur du récipient sous pression (14), la chambre (15)
étantremplie d’un fluide, lors de I'utilisation 'article (12) étant disposé sur la premiere ouverture (28) dans le récipient

10
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sous pression (14) pour rendre étanche le récipient sous pression (14), un moyen pour pressuriser la chambre (15),
un moyen (19) pour mesurer la flexion de I'article (12), un moyen (39) pour mesurer la pression dans le récipient
sous pression (14), un moyen pour déterminer les propriétés matérielles de I'article (12), le moyen (18) pour déter-
miner les propriétés matérielles de l'article (12) utilisant les mesures de pression dans le récipient sous pression
(14) et les mesures de flexion de I'article (12), caractérisé en ce que le moyen de pressurisation du récipient sous
pression (14) comprend un pistolet (16) disposé pour tirer un projectile (36) destiné a frapper le piston (24) pour
produire une pression élevée dans le fluide dans la chambre (15) dans le récipient sous pression (14) pour déformer
l'article (12), le moyen (19) pour mesurer la flexion de I'article (12) comprend au moins une caméra a résolution et
vitesse élevées (48), le moyen (19) pour mesurer la flexion de I'article (12) comprend deux miroirs (50, 52) disposés
a différents angles par rapport a la surface de I'article (12) pour produire une vue stéréoscopique de I'article (12),
chaque miroir (50, 52) étant disposé pour se concentrer sur une partie du plan image de la caméra a résolution et
vitesse élevées (48).

Appareil selon la revendication 1, comprenant un élément de serrage (26) ayant une ouverture (32), I'élément de
serrage (26) étant disposé lors de I'utilisation de sorte que I'ouverture (32) dans I'élément de serrage (26) soit alignée
avec la premiére ouverture (28) dans la premiére extrémité (20) du récipient sous pression (14) pour serrer l'article
(12) entre la premiére extrémité (20) du récipient sous pression (14) et I'élément de serrage (26), de sorte que
l'article (12) s’étende a travers la premiére ouverture (28) dans la premiére extrémité (20) du récipient sous pression
(14) pour rendre étanche la premiére extrémité (20) du récipient sous pression (14), la premiére extrémité (20) du
récipient sous pression (14) ayant un jonc de freinage (17) pour déformer l'article (12) et empécher I'article (12)
d’étre aspiré par le récipient sous pression (14).

Appareil selon la revendication 1 ou 2, le piston (24) étant disposé pour rendre étanche la seconde ouverture (30)
du récipient sous pression (14).

Appareil selon la revendication 1, 2 ou 3, le pistolet (16) comprenant un canon (34) et le projectile (36) étant disposé
pour se déplacer dans le canon (34), 'extrémité du canon (34) étant fixée a la seconde extrémité (22) du récipient
sous pression (14) et la seconde ouverture (30) dans la seconde extrémité (22) du récipient sous pression (14)
étant alignée avec le canon (34) de sorte que lors de l'utilisation le projectile (36) puisse frapper le piston (24) pour
produire une pression élevée dans le fluide dans le récipient sous pression (14) pour déformer I'article (12).

Appareil selon 'une quelconque des revendications 1 a 4, le récipient sous pression (14) ayant une section trans-
versale minimale (38) a une position entre la premiére extrémité (20) et la seconde extrémité (22).

Appareil selon I'une quelconque des revendications 1 a 5, le pistolet (16) étant un canon a gaz.
Appareil selon I'une quelconque des revendications 1 a 6, le récipient sous pression (14) contenant un liquide.
Appareil selon la revendication 7, le récipient sous pression (14) contenant une huile.

Appareil selon I'une quelconque des revendications 1 a 8, le moyen (39) pour mesurer la pression comprenant un
manomeétre a vitesse et pression élevées.

Appareil selon 'une quelconque des revendications 1 a 9, comprenant un moyen (40) pour mesurer la vitesse du
projectile (36) avant I'impact avec le piston (24).

Appareil selon la revendication 10, le moyen (40) pour mesurer la vitesse comprenant une pluralité de faisceaux
lumineux (42) espaceés sur la longueur du canon (34), chaque faisceau lumineux (42) s’étendant transversalement

sur le canon (34).

Appareil selon I'une quelconque des revendications 1 a 11, un premier miroir (50) étant disposé a un angle prédé-
terminé et 'angle d’un second miroir (52) étant réglable.

Appareil selon la revendication 12, le premier miroir (50) étant disposé a un angle de 45°.

Appareil selon 'une quelconque des revendications 1 a 13, le moyen (18) pour mesurer les propriétés matérielles
de larticle (12) comprenant un processeur (54) pour analyser la vue stéréoscopique de l'article (12).
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Appareil selon la revendication 14, le processeur (54) ayant des moyens pour déterminer I'angle du second miroir
(52) par rapport a l'article non déformé (12).

Appareil selon la revendication 15, le processeur (54) ayant un moyen pour déterminer 'altitude d’un point polaire
(62) sur I'article déformé (12) par rapport al’article non déformé (12) a partir de I'angle déterminé du second miroir (52).

Appareil selon la revendication 16, le processeur (54) ayant un moyen pour déterminer l'altitude d’autres points (64)
sur l'article déformé (12A) par rapport a I'article non déformé (12) a partir de I'angle déterminé pour le second miroir
(52).

Procédé de test par bombement d’un article (12), comprenant les étapes consistant a utiliser un récipient sous
pression (14) disposé pour définir une chambre (15), le récipient sous pression (14) ayant une premiére ouverture
(28) et une seconde ouverture (30), la chambre (15) étant remplie d’un fluide, disposer I'article (12) sur la premiére
ouverture (28) dans le récipient sous pression (14) pour rendre étanche le récipient sous pression (14), un piston
(24) étant disposé pour se déplacer a l'intérieur du récipient sous pression (14), mesurer la flexion de I'article (12),
mesurer la pression dans le récipient sous pression (12), déterminer les propriétés matérielles de l'article (12) a
'aide des mesures de pression dans le récipient sous pression (14) et des mesures de flexion de l'article (12),
caractérisé par les étapes consistant a tirer un projectile (36) destiné a frapper le piston (24) pour produire une
pression élevée dans le fluide dans la chambre (15) dans le récipient sous pression (14) pour déformer 'article (12),
mesurer la flexion de I'article (12) a I'aide d’au moins une caméra a résolution et vitesse élevées (48), mesurer la
flexion de l'article (12) a I'aide de deux miroirs (50, 52) disposés a différents angles par rapport a la surface de
l'article (12) pour produire une vue stéréoscopique de I'article (12), chaque miroir (50, 52) étant disposé pour se
concentrer sur une partie du plan image de la caméra a résolution et vitesse élevées (48).

Procédé selon la revendication 18, comprenant les étapes consistant a marquer une grille de points (60) sur I'article
(12), I'un des points (60) étant un point polaire (62), déterminer 'emplacement du point polaire (62) dans la grille
de points (60) dans deux images de l'article (12), déterminer 'emplacement des points (60) dans la grille de points
(60) a 'aide de 'emplacement du point polaire (62) dans les deuximages de I'article (12) et déterminer la déformation
de larticle (12) a I'aide de la modification dans les coordonnées des points (60) dans la grille.

Procédé selon la revendication 19, comprenant I'étape consistant a déterminer une longueur de corde (D), une
hauteur de segment de ddome (h) et un rayon (R) de l'article déformé (12A) entre deux points (60) disposés symé-
triquement autour du point polaire (62) de I'article déformé (12A).

Procédé selon la revendication 20, comprenant I'étape consistant a déterminer I'épaisseur de I'article déformé (12A)
a partir de la longueur de corde (D) et d’'une hauteur de segment de déme (h) de I'article déformé (12A).

Procédé selon la revendication 21, comprenant I'étape consistant a déterminer la contrainte dans l'article déformé

(12A) a partir de la mesure de la pression et de I'épaisseur initiale de I'article (12) et du rayon (R) de I'article déformé
(12A).
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